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DERSIN DiLi
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DERSIN SEVIYESi

Lisans

DERSIN TURU
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DERSIN KATEGORISi

Uzmanlik Alan Dersleri

DERSIN VERILIS SEKLI

Yiiz Yiize

DERSi SUNAN AKADEMIK
BiRiM

Fizik Boliimii

DERSIN KOORDINATORU

Bora ISILDAK

ASISTAN(LAR)

DERSIN AMACI

Bu dersin amaci, Ogrencilere pargacik ve yiiksek enerji fiziginin temelini olusturan
kavramlarin ve notasyonlarm Ogretilmesinin yami sira, Standart Model ¢ercevesinde
maddenin yapitaglarinin ve etkilesimlerinin anlasilmasini saglamaktir. Ayrica Standart
Model’in 6tesine uzanan yaklasimlar, giincel teorik gelismeler ve yeni fizik arayislart da ele
alinarak 6grencilere modern parcacik fiziginin biitiinciil bir perspektifini kazandirmaktir.

DERSIN iCERIGi

Kuarklar ve leptonlarin ayrmtili tanitilmasi; kuark—lepton etkilesmelerinin incelenmesi; bu
stireclerin  teorik ¢ergevesinin anlagilmasi; kuantum Renk Dinamigi (QCD) kuramu
cergevesinde giiclii etkilesimlerin temel ilkelerinin tartisilmasi; kuramsal yapilarin deneysel
olarak test edilmesi; pargacik hizlandiricilarindaki gozlemler; giincel deneysel bulgularla
baglantilar.

DERS KiTABI / MALZEMESI /
ONERILEN KAYNAKLAR

Ders Kitaplari:
[1] Thomson, M. Modern Particle Physics. Cambridge University Press, 2013.
https://doi.org/10.1017/CBO9781139525367

[2] Griffiths, D. J. Introduction to Elementary Particles. John Wiley & Sons, Inc., 1987.
ISBN-10: 0-471-60386-4

[3] Halzen, F. & Martin, A.D. Quarks and Leptons: An Introductory Course in Modern
Particle Physics. Wiley, 1984.

[4] Peskin, M.E. & Schroeder, D.V. 4n Introduction to Quantum Field Theory. Addison-
Wesley, 1995.

Zorunlu Kaynaklar:

[1] Feynman, R. P., Leighton, R. B., & Sands, M. The Feynman Lectures on Physics. Three
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volumes. Addison-Wesley, 1964—1966. Revised & extended edition (Definitive / New
Millennium Edition) published in 2005.

[2] Martin, B. R., & Shaw, G. Particle Physics (Manchester Physics Series). John Wiley &
Sons, 1992.

[3] Cottingham, W. N., & Greenwood, D. A. An Introduction to the Standard Model of
Particle Physics, 2nd Edition. Cambridge University Press, 2007.

Bu dersi basartyla tamamlayan 6grenciler,

Parcacik fiziginin temel teorilerinden biri olan Standart Model’i
siniflandirabileceklerdir.

Standart Model’deki evren modelini agiklayabileceklerdir.

Maddeyi olusturan en kiigiik yapitaslarini ve bu pargaciklarin birbirleriyle olan
etkilesimlerini analiz edebileceklerdir.

Fermiyonlarin etkilesimlerini, temel kuvvetleri ve tasiyic1 bozonlarin dzelliklerini
aciklayabileceklerdir.

Temel parcaciklarin deneysel olarak kesiflerini ve bu kesiflerin tarihsel gelisimini
kronolojik olarak degerlendirebileceklerdir.

Antimadde ve notrino fizigi ile ilgili glincel bulgulan 6zetleyebileceklerdir.
Standart Model 6tesi yaklagimlari (6r. karanlik madde, siipersimetri)
karsilastirabileceklerdir.

Uzun 6miirlii parcaciklar ve yeni fizik arayislarina dair deneysel stratejileri analiz
edebileceklerdir.

Deneysel ve teorik pargacik fizigindeki giincel gelismeleri agiklayabileceklerdir.

Ders Ogrenim Ciktilar:

DEGERLENDIRME SiSTEMIi

Etkinlikler Say1 Katki Pay1

Devam/Katihm:
e icerik: Ogrencilerin derse devam etmeleri ve katilmalari

e  Detayh Degerlendirme Kriterleri:
14 %5

- Derse aktif katilim ve soru sorma
- Sinif-i¢i tartigmalara ve problem ¢6zme siireclerine katki
saglayabilme

‘ Laboratuvar H H

| Uygulama (Sozlii Sinav) H H

‘ Arazi Calismasi H H

Derse Ozgii Staj

Kisa Sinavlar/Stiidyo Kritigi:

e  icerik: Smav haftasma kadar islenen konularin tiimiinii kapsayan
kapsamli sorularin sorulmast

e  Format: Yazili ya da sozlii sinav (5-10 dakika) 2 %10

e Detayh Degerlendirme Kriterleri:

-Derste islenen teorik konular ile ilgili problemleri ¢6zebilme

Odev:

e Icerik: Derste islenen temel kavramlarin elestirel bigimde
yorumlanmasini ve ilgili kavramlarin disiplin-igi ve
disiplinlerarasi alanlarda drneklerinin bulunmasini igeren 2 %10
odevlerin verilmesi

e  Format: Yazili raporlar
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Detayh Degerlendirme Kriterleri:

- Teknik dogruluk ve kapsam: Standart Model’in temel
bilesenlerinin, etkilesimlerin ve pargaciklarin dogru tanimlanmast;
konu kapsaminin ders icerigine uygunlugu.

- Analiz ve yorum becerisi: Kuramsal ¢ercevede parcaciklarin
simiflandirilmasi, etkilesimlerin agiklanmasi, Standart Model Gtesi
yaklagimlarin (6r. siipersimetri, karanlik madde, uzun 6miirlii
parcaciklar) degerlendirilmesi ve giincel deneysel sonuglarla
iliskilendirilmesi.

- Sunum ve raporlama: Odev ve sunumlarin agik ve diizenli
bicimde hazirlanmasi, yazim kurallarina uygunluk, diyagram ve
semalarin dogru kullanimi, kaynaklarin akademik bigimde
gosterilmesi.

Sunum/Jiiri:

Icerik: Ogrencilerin kendi 6grenme siireglerini
degerlendirmelerinin ve sunumlar1 yapmalariin istenmesi

Format: Bireysel sunumlar

Detayh Degerlendirme Kriterleri:

- Ogrenilen konularin dogru bir sekilde agiklanabilmesi
- Sunum tekniklerinin dogru kullanilmast

%15

| Proje:

| Seminer/Workshop

|

|

Ara Sinavlar:

Icerik: Sav haftasmna kadar islenen konularin tiimiinii kapsayan
temel parcaciklarin siniflandirilmasi, Standart Model’in yapisi,
fermiyonlar ve bozonlar, temel kuvvetler, kuark—lepton
etkilesimleri ve QCD’nin temel kavramlar ile ilgili kavramsal ve
problem ¢6zmeye dayali sorular.

Format: Yazili smav ve bilgisayar uygulamasi (60 dakika)

Detayh Degerlendirme Kriterleri:

- Temel kavramlarin ve tanimlarin hatirlanmasi ve dogru
kullanilmast.

- Pargaciklarin  siniflandirilmasi  ve etkilesimlerin  dogru
agiklanmasi.

- Kavramlar arasi iliski kurma ve Standart Model gercevesinde
¢ikarimlar yapabilme.

- Problem ¢6zme becerisi, hesaplamalarin dogrulugu ve sonuglarin
fiziksel anlamla iliskilendirilmesi.

Final:

Igerik: Dersin tiimiinii kapsayan kapsamli sorular; Standart
Model’in yapisi, fermiyonlar ve bozonlar, temel kuvvetler, QCD
ve deneysel testleri, nétrino fizigi, Higgs mekanizmasi, antimadde,
Standart Model &tesi yaklagimlar ve gelecek hizlandirici projeleri
ile ilgili kavramsal ve problem ¢dzmeye dayali sorular.

Format: Yazili smav ve bilgisayar uygulamasi (90 dakika)

Detayh Degerlendirme Kriterleri:

- Dersin tiim konularinin derinlemesine kavranmis oldugunun
gosterilmesi.

- Qtandart Madel icindeki narcaciklarin etlilecimlerin ve

%40

%20
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- Standart Model 6tesi yaklasimlarin degerlendirilmesi ve giincel
deneysel sonuglarla iligkilendirilmesi.

- {leri diizey problem ¢6zme becerilerinin sergilenmesi,
hesaplamalarin dogrulugu ve sonuglarin fiziksel olarak dogru
yorumlanmasi.

Dénem i¢ci Cahsmalarin Basari Notuna Katkis H %60

Final Sinavinin Basar1 Notuna Katkisi H %40

mekanizmalarin dogru agiklanmasi.

TOPLAM H

%100

HAFTALIK KONULAR VE iLGIiLi ON HAZIRLIK CALISMALARI

HAFTALAR

KONULAR

On Hazirhik

IKonu Anlatimi: Standart Model’e Giris — Tarihsel gelisim ve|
evren modeli.

Parcacik siniflandirma tablosunu|
incelemek. Kaynak: Griffiths, Introduction|

1 Sinif-ici Uygulama (5 dk): Temel pargaciklarin smiflandiriimas. to Elementary Particles, Bolim 1. E
Kaynak: PDG ¢evrimigi tablolar1.
Smif-i¢i Tartisma (5 dk): Neden Standart Model gibi bir teoriye
ihtiya¢ duyulmustur?
Konu Anlatimi: Fermiyonlar ve dzellikleri. Fermiyon tiirleri ve kuantum sayilarmnr
incelenmesi. Kaynak: Thomson, Modern
2 Simif-i¢i Uygulama (5 dk): Lepton ve kuark ailelerini tanima. Particle Physics, Bolim 2. Ek Kaynak:
CERN outreach.
Simif-i¢i Tartisma (5 dk): Notrinolari 6zel kilan nedir?
IKonu Anlatimi: Tastyic1 bozonlar ve etkilesimler. Tastyict bozonlarin gorevlerini incelemek.
Kaynak: Thomson, Modern Particle
3 Smif-i¢ci Uygulama (5 dk): Basit Feynman diyagramlari ¢izimi. Physics, Bolim 4. Ek Kaynak: Symmetry|
Magazine (CERN/Fermilab).
Simif-i¢i Tartiyma (5 dk): Kuvvetler birlesebilir mi?
. . o . Kuark renk yiikii ve hapsolmay1 incelemek.
Konu Anlatimi: Kuantum Renk Dinamigi (QCD) temelleri. Kaynak: Halzen & Martin, Quarks and
4 Simif-i¢i Uygulama (5§ dk): Kuark renk kombinasyonlari. pr..ton..s’ Bolim 3. Ek Kaynak: PDG (QCD
boliimii).
Simif-i¢i Tartisma (5 dk): Proton neden kararlidir?
IKonu Anlatimi: Lepton—kuark etkilesimleri. Zayif etkilesim siireglerini incelemek,
- N . N Kaynak:  Griffiths,  Introduction  to
5 Simif-i¢i Uygulama (5 dk): Notrino—niikleon sagilmasi 6rnegi. Elementary Particles, Bolim 3.
Simif-i¢i Tartisma (5 dk): Sa¢ilma deneyleri bize ne §gretir?
IKonu Anlatimi: Mezonlar ve baryonlar — hadron yapisi. Hadron siniflandirmastni gozden gegirmek|
- A Kaynak: Halzen & Martin, Quarks ana
6 Simif-i¢i Uygulama (5 dk): Kuarklardan hadron olusturma. Leptons, Bolim 5.
Simif-i¢i Tartisma (5 dk): QCD hadron 6zelliklerini nasil agiklar?
IKonu Anlatimi: Standart Model’de simetriler ve gruplar.
.. . . o Temel grup teorisi ve Ayar simetrilerini
; ts)élllilrii:ﬁ:e Uygulama (5 dk): SU(2) ve SU(3) simetrilerini incelemek. Kaynak: Thomson, Modern
’ Particle Physics, Bolim 6.
Smif-i¢ci Tartisma (5 dk): Fizikte simetriler neden merkezi
onemdedir?
3 Ara Smav 1 Sinav haftasma kadar islenen konularin

timuniin tekrar edilmesi.
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IKonu Anlatimi: Nétrino fizigi ve osilasyonlar. . L
1. Nétrino deneylerini incelemek (Super-K,
Simif-i¢i Uygulama (5 dk): Notrino osilasyon diyagrami. DUNE’ NOvA). Kaynak: PDG Notring
9 boliimii.
Simif-i¢i Tartisma (5 dk): Noétrinolar kiitlesiz mi yoksa ¢ok hafif]
mi?
Konu Anlatimi: Higgs bozonu ve Higgs mekanizmasi.
Siif-i¢ci Uygulama (5 dk): Kiitle kazanim semasi.
Siif-i¢i Tartisma (5 dk): Higgs kesfi neden tarihseldir? 1. Higgs mekanizmast ve simetri kirilmasini
10 incelemek. Kaynak: Thomson, Modern
Particle Physics, Bolim 6.
Kisa Smav 2 (15 dk.): Ters yiiz edilmis 6grenme (flipped
learning) yontemi gercevesinde, ders basinda, 6grenciye verilen|
6n hazirlik gorevinde yer alan konulari igeren bir kisa sinavin|
lyapilmasi.
Konu Anlatimi: Standart Model Otesi I — Siipersimetri (SUSY).
.. . 1. SUSY’nin temel kavramlarmi incelemek.
" Sinif-i¢ci Uygulama (5 dk): SUSY pargaciklari tablosu. Kaynak: Peskin & Schroeder, An
Smif-i¢i Tartisma (5 dk): SUSY karanlik maddeyi agiklayabilir Introduction to QFT, Bolim 1.
mi?
Konu Anlatimi: Standart Model Otesi II — Karanlik madde ve]
uzun Omirli pargaciklar.
1. Karanlik madde adaylarini ve deneysell
Smif-i¢ci Uygulama (5 dk): Erken evrende karanlik madde arayislart incelemek. Ek Kaynak: CER
12
senaryolari. Dark Matter Outreach.
Sinif-i¢ci Tartisma (5 dk): Karanlik madde neden goriinmezdir?
Konu Anlatimi: Standart Model’in deneysel testleri. 1. CMS/ATLAS hassas dleiimlerini
. . . - incelemek. Kaynak: CMS ve ATLAS]
13 Simif-i¢i Uygulama (5 dk): LHC deneylerinden bir 6rnek. makaleleri.
Simif-ici Tartisma (5 dk): Mevcut testler ne kadar hassas?
IKonu Anlatimi: Gelecek hizlandiricilar ve yeni fizik arayislari.
1. FCC/ILC raporlarin1 incelemek. Kaynak;
14 Sinif-i¢ci Uygulama (5§ dk): FCC ve ILC karsilastirmasi. CERN Future Collider Studies.
Simif-i¢i Tartisma (5 dk): LHC’den sonra ne olacak?

1. Sunum konularmmi hazirlamak, sunum
provasi yapmak.

2. Segilen konular izerine (6r. dogrusal
hizlandiricilar, dairesel  hizlandiricilar,
huzme dinamigi, sinkrotron 1$1m1mi,
Tiirkiye’deki hizlandiric1 tesisleri, tipta vel

15 Ogrenci sunumlarinin dinlenmesi. endiistride uygulamalar) sunum slaytlarini
hazirlamak ve tamamlamak.

3. Sunumlarm gerekli sire ve yapiya
uygunlugunu saglamak i¢in prova yapmak.

4. Secilen konuyla ilgili ders kitabi ve
onerilen kaynaklar1 gézden gegirmek.

16 Final Islenen konularin tiimiiniin tekrar edilmesi.

AKTS iSYUKU TABLOSU

Etkinlikler Siiresi Toplam s yiikii
(Saat)

Ders Saati 42

Laboratuar
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Uygulama (sozlii Sinav)

Arazi Caliymasi

Sinif Dis1 Ders Calismasi

Derse Ozgii Staj

Odev

Kiiciik Siavlar/Stiidyo Kritigi

Projeler

Sunum / Seminer

Ara Sinavlar (Sinav Siiresi + Sinav
Hazirhik Siiresi)

Final (Sinav Siiresi + Sinav
Hazirhik Siiresi)

Toplam is yiikii:

Toplam s yiikii / 30(s):

AKTS Kredisi:
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COURSE INFORMATION FORM

I FACULTY / GRADUATE SCHOOL Faculty of Arts and Sciences I

Department of Physics

Physics of the Standard Model and Beyond
FI1Z1118
3

LECTURE HOUR / WEEK

PRACTICAL HOUR / WEEK

LABORATORY HOUR / WEEK

PREREQUISITE None

SEMESTER Fall, Spring

COURSE LANGUAGE English, Turkish

LEVEL OF COURSE First Cycle

COURSE TYPE Elective @ Bachelor Programme in Physics

COURSE CATEGORY Major Area Courses

MODE OF DELIVERY Face-to-Face

OWNER ACADEMIC UNIT Department of Physics

COURSE COORDINATOR Bora ISILDAK

ASSISTANT(S)

This course aims to provide students with an understanding of the fundamental concepts
and notations that form the basis of particle and high-energy physics. The course also
aims to introduce the Standard Model, which is one of the core theoretical frameworks of
modern physics, and to explore approaches beyond the Standard Model in order to give
students a comprehensive perspective on the structure of matter and the fundamental
interactions of nature.

Detailed introduction to quarks and leptons; investigation of quark—lepton interactions;
understanding the theoretical framework of these processes; discussion of the
COURSE CONTENT fundamental principles of strong interactions within the framework of Quantum
Chromodynamics (QCD); experimental testing of theoretical structures; observations in
particle accelerators; connections with recent experimental findings.

Coursebooks:

COURSE OBJECTIVES

[1] Thomson, M. Modern Particle Physics. Cambridge University Press, 2013.
https://doi.org/10.1017/CB0O9781139525367

[2] Griffiths, D. J. Introduction to Elementary Particles. John Wiley & Sons, Inc., 1987.
ISBN-10: 0-471-60386-4

[3] Halzen, F. & Martin, A.D. Quarks and Leptons: An Introductory Course in Modern
Particle Physics. Wiley, 1984.

[4] Peskin, M.E. & Schroeder, D.V. 4n Introduction to Quantum Field Theory. Addison-
Wesley, 1995.

RECOMMENDED OR REQUIRED
READINGS

Required Readings:
[1] Feynman, R. P., Leighton, R. B., & Sands, M. The Feynman Lectures on Physics.
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Three volumes. Addison-Wesley, 1964-1966. Revised & extended edition (Definitive /
New Millennium Edition) published in 2005.

[2] Martin, B. R., & Shaw, G. Particle Physics (Manchester Physics Series). John Wiley
& Sons, 1992.

[3] Cottingham, W. N., & Greenwood, D. A. An Introduction to the Standard Model of

Particle Physics, 2nd Edition. Cambridge University Press, 2007.

Upon successful completion of the course, students will be able to
1. Classify the Standard Model as one of the fundamental theories of particle
physics.
2. Explain the universe model within the Standard Model.
3. Analyze the smallest building blocks of matter and their mutual interactions.
4. Describe the interactions of fermions, the fundamental forces, and the
properties of carrier bosons.
Course Learning Outcomes . Evaluate the experimental discoveries of fundamental particles in their
historical context.
Summarize current findings related to antimatter and neutrino physics.
Compare approaches beyond the Standard Model (e.g., dark matter,
supersymmetry).
Analyze experimental strategies for the study of long-lived particles and
searches for new physics.
Describe the current developments in experimental and theoretical particle
physics.

EVALUATION SYSTEM

Activities Number Percentage of Grade

Attendance/Participation:
e  Content: Student attendance and participation in the course.

o  Detailed Assessment Criteria:

14 %S5
-Active participation in lessons and asking questions
-Ability to contribute to in-class discussions and problem-solving
processes
‘ Laboratory H H ‘
| Application (Oral Examination) H H ‘
| Field Work H H ‘
‘ Special Course Internship (Work Placement) H H ‘
Quizzes/Studio Critics:
e Content: Comprehensive questions covering all topics addressed up to
the exam week
e  Format: Written or oral exam (5-10 minutes) 2 %10
e  Detailed Assessment Criteria:
-Ability to solve problems related to the theoretical topics covered in
the course
Homework Assignments:
e Content: Weekly assignments requiring critical analysis of
fundamental concepts covered in class and identification of examples
of these concepts within both intra-disciplinary and interdisciplinary 2 %10
contexts
e  Format: Written reports
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Detailed Assessment Criteria:

- Technical accuracy and scope: Correct definition of interactions and
particles; appropriateness of the topic coverage to the course content.

- Analytical and interpretative skills: Classification of particles within
the theoretical framework, explanation of interactions, evaluation of
approaches beyond the Standard Model (e.g., supersymmetry, dark
matter, long-lived particles), and connection with current experimental
results.

- Presentation and reporting: Preparation of assignments and
presentations in a clear and well-structured manner, compliance with
academic writing rules, proper use of diagrams and figures, and correct

citation of references.

Presentations/Jury:

Content: Students will be asked to evaluate their own learning
processes and deliver group presentations

Format: Individual presentations

Detailed Assessment Criteria:

-Ability to accurately explain the topics learned
-Proper use of presentation techniques

%15

| Project:

| Seminar/Workshop

Midterms:

Content: Conceptual and problem-solving questions covering all
topics studied up to the exam week, including classification of
elementary particles, the structure of the Standard Model, fermions and
bosons, fundamental forces, quark—lepton interactions, and basic

concepts of QCD.

Format: Written exam. (60 minutes).
Detailed Assessment Criteria:
- Recall and correct use of fundamental concepts and definitions.

- Correct classification of particles and accurate explanation of
interactions.

- Ability to relate concepts and draw inferences within the framework
of the Standard Model.

- Problem-solving skills, accuracy of calculations, and relating results
to their physical meaning.

%20

Final:

Content: Comprehensive questions covering the entire course,
including the structure of the Standard Model, fermions and bosons,
fundamental forces, QCD and its experimental tests, neutrino physics,
the Higgs mechanism, antimatter, approaches beyond the Standard

Model, and future collider projects.

%40
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Format: Written exam.(90 minutes).

Detailed Assessment Criteria:
- Demonstration of a deep understanding of all course topics.

- Accurate explanation of particles, interactions, and mechanisms
within the Standard Model.

- Evaluation of approaches beyond the Standard Model and their
connection with current experimental results.

- Demonstration of advanced problem-solving skills, accuracy of
calculations, and physically sound interpretation of results.

Percentage of In-Term Studies H

Percentage of Final Examination H

TOTAL H

WEEKS COURSE OUTLINE

Related Preparation

1 Lecture: Introduction to the Standard Model
Historical development and the universe model.

In-class Practice (5 min): Classification o
fundamental particles.

In-class Discussion (5 min): Why do we need a theo
like the Standard Model?

Review the particle classification table. Source:
Griffiths, Introduction to Elementary Particles, Ch. 1—
2. Extra Source: PDG online tables.

2 Lecture: Fermions and their properties.

In-class Practice (5 min): Identifying lepton and
quark families.

In-class Discussion (5 min): What makes neutrinos
unique?

Study fermion types and quantum numbers. Source:
Thomson, Modern Particle Physics, Ch. 2. Extra
Source: CERN Public Outreach.

3 Lecture: Gauge bosons and interactions.

In-class Practice (5 min): Drawing simple Feynman|
diagrams.

In-class Discussion (5 min): Can forces unify?

Study gauge bosons and their roles. Source: Thomson,
Modern Particle Physics, Ch. 4. Extra Source:
Symmetry Magazine (CERN/Fermilab).

4 Lecture: Basics of Quantum Chromodynamics|

(QCD).

In-class Practice (5 min): Quark color combinations.

In-class Discussion (5 min): Why is the proton stable?

Study quark color charge and confinement. Source:
Halzen & Martin, Quarks and Leptons, Ch. 3. Extra
Source: PDG (QCD section).

5 Lecture: Lepton—quark interactions.

In-class Practice (5 min): Neutrino—nucleon scattering
lexample.

In-class Discussion (5 min): What do scattering
lexperiments teach us?

Review weak interaction processes. Source: Griffiths,
Introduction to Elementary Particles, Ch. 3.

6 Lecture: Mesons and baryons — hadron structure.

In-class Practice (5 min): Building hadrons fro
quarks.

Review hadron classification. Source: Halzen &
Martin, Quarks and Leptons, Ch. 5.

(Form No: FR-0315; Revizyon Tarihi: 02.07.2015; Revizyon No:04)

Sayfa: 10/15



In-class Discussion (5 min): How does QCD explai
hadron properties?

7 Lecture: Symmetries and groups in the Standard
Model.
In-class Practice (5 min): Identifying SU(2) an 1. Study gauge symmetry and group theory basics.
SU(3) symmetries. Source: Thomson, Modern Particle Physics, Ch. 6.
In-class Discussion (5 min): Why are symmetries|
central in physics?

8 Midterm Exam 1 Review all topics covered until midterm.

9 Lecture: Neutrino physics and oscillations.

5?::2?; Practice (5 min): Neutrino  oscillatio 1. Review neutrino experiments (Super-K, DUNE,
gram. NOvVA). Source: PDG Neutrino Section.

In-class Discussion (5 min): Are neutrinos massless o

massive?

10 Lecture: The Higgs boson and the Higgs mechanism.

In-class Practice (5 min): Mass generation scheme. 1. Study Higgs mechanism and symmetry breaking.
Source: Thomson, Modern Particle Physics, Ch. 6.
In-class Discussion (5 min): Why was the Higgs|
discovery historic?
11 Lecture: Beyond the Standard Model I
Supersymmetry (SUSY).
. . . 1. Review SUSY Fundamentals. Source: Peskin &
In-class Practice (5 min): SUSY particle chart. Schroeder, An Introduction to OFT, Ch. 1.
In-class Discussion (5 min): Could SUSY explai
dark matter?
12 Lecture: Beyond the Standard Model II — Dark matte
and long-lived particles.
?le-ncll;?(s)SPractlce (5 min): Early Universe dark matte 1. Study dark matter candidates and searches. Source:
) CERN Dark Matter Outreach.
In-class Discussion (5 min): Why is dark matte
invisible?

13 [Lecture: Experimental tests of the Standard Model.

!;lu-;lass Practice (5 min): LHC experiment casq 1. Review CMS/ATLAS precision measurements.
Y Source: CMS and ATLAS collaboration papers.

In-class Discussion (5 min): How precise are curren

tests?

14 Lecture: Future colliders and new physics prospects.

ég;iclzrllsss Practice (5 min): Comparing FCC and ILC 1. Explore FCC/ILC reports. Source: CERN Future
£hs. Collider Studies.

In-class Discussion (5 min): What comes after th

LHC?

15 Student Presentations. 1. Preparation and rehearsal of project presentations.
Preparation of slides on chosen topics (e.g. linear
accelerators, circular accelerators, beam dynamics,
synchrotron radiation, accelerator facilities in Turkey,
medical and industrial applications).

3. Rehearsal to ensure appropriate timing and structure.
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4. Review of the coursebook and recommended
references related to the selected topic.

16 Final Review all course topics.

ECTS WORKLOAD TABLE

—————T1
Activities Number Duration Total Workload
(Hour)

Course Hours “ 14 H 42

Laboratory H H

Application l | ‘ ‘

Field Work H H

Study Hours Out of Class

Special Course Internship (Work Placement)

Homework Assignments

Quizzes/Studio Critics

Project

Presentations / Seminar

Mid-Terms (Examination Duration + Examination Prep. Duration)

Final (Examination Duration + Examination Prep. Duration)

Total Workload:

Total Workload / 30(h):

ECTS Credit:
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P g-l Temel bilimler ve fizik

alaninda kapsamli bir kuramsal
bilgi altyapis1 edinerck, bu
bilgileri akademik diizeyde
analiz, yorum ve problem
¢Oziimiinde  etkin  bigimde
kullanabileceklerdir. /
Use  their  comprehensive
theoretical ~ knowledge  in
fundamental  sciences  and
physics for analysis,
interpretation, and problem-
solving at an academic-level.

1]
1
1
[9)]
1
1
1
1
£

PS:-Z Uygulamal1 bilgilerini
fiziksel stireclerin
modellenmesi, deneysel tasarim
ve problem ¢dziimiinde etkili ve
amaca yonelik bicimde
kullanabileceklerdir. / Apply
their  practical ~ knowledge
effectively and strategically in
modelling physical processes,
experimental design, and
problem-solving.

P S ‘-3 Kuramsal ve/veya

deneysel bilgilerini karmagik
fizik problemlerinin ¢6ziimiinde
etkili bigimde kullanarak, bu
problemlere yonelik uygun
analiz ve modelleme
yontemlerini se¢ip
uygulayabileceklerdir..

/ Use their theoretical and/or
experimental knowledge
effectively in solving complex
physics problems by selecting
and  applying  appropriate
analysis and midelling methods
fo these problems.

PS;-4 Disiplinlerarasi bir

yaklasimla, farkli alanlarda
edinmis olduklar1 bilgileri
sentezleyebileceklerdir

/ Synthesise knowledge
acquired from different
disciplines through an
interdisciplinary approach.

1
19}
19}
[9)]
19}
I
I
19}
I

1
[°N
[°N
I~
I~
1
1
I~
1w

1
1w
1w
[O%)
19
I
I
1w
1%

PC-5 Fizik biliminin temel
ve uygulamali  alanlarmmda
edindikleri bilgi birikimlerini
ve kuramsal analiz, deneysel
uygulama ve sayisal modelleme
ve hesaplamali fizik

araglarimi kullanma ve
gelistirme becerilerini,
kuramsal fizik, niikleer fizik,
yogun madde fizigi, yiiksek
enerji  fizigi, nanoteknoloji,
yenilenebilir/alternatif ~ enerji

1
1
1
[0
1
19}
19}
1
19}

teknolojileri,
ileri malzeme tasarimi, niikleer
teknoloji ve kuantum
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teknolojileri gibi disiplin-i¢i ve
disiplinlerarasi uzmanlik
alanlarinda

gelistirebileceklerdir. / Advance
their acquired knowledge in the
fundamental and applied fields
of physics and their skills in
theoretical ajalysis,
experimental application’
numerical modelling and using
and developing computational
physics  tools in  both

disciplinary and
interdisciplinary ~ areas of
specialisation such as
theoretical ~ phycis, nucleart
physics, condensed  matter
physics, high energy physics,
nanotechnology,
renewable/alternative  energy
technologies, advanced
materials design, nuclear
technology, and  quantum
technologies.

PS:-6 Fizik alaninda yaygimn

olarak kullanilan bilgisayar ve
yapay zeka teknolojileri ile en
az bir programlama dilini,
problemleri ¢6zmek, veri
analizi yapmak ve
simiilasyonlar gerceklestirmek
i¢in etkin bigimde
kullanabileceklerdir.

/ Use at least one
programming language and
computer and artificial
intelligence technologies
widely employed in physics for
problem-solving, data analysis,
and simulations.

I~

[[°N

[[°N

I~

I~

I

I

I~

I~

PC-7 Fizik ve ilgili
alanlardaki kariyer firsatlarini
degerlendirerek kisisel ve
mesleki gelisim hedeflerini
belirleyebilecekler ve bu
hedeflere ulagmak igin hayat
boyu 6grenme

stratejilerini
kullanabileceklerdir.

/ Follow scientific  and
technological developments in
mathematics and related fields,
assess career opportunities,
identify personal and
professional development
goals, and adopt lifelong
learning strategies to achieve
these goals.

1

N

N

N

N

N

N

N

PC-8 Bilimsel
aragtirmalarini ve  mesleki
faaliyetlerini yiiriitiirken
dogabilecek hukuksal sonuglari
ve toplumsal etkileri dikkate
alarak mesleki etik ilkeler,
kalite standartlar1 ile evrensel
degerler  dogrultusunda ve

sosyal sorumluluk bilinci ve

19

1w

1w

193]

19

(9%}

1@

19

1%
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adalet  duygusuyla  hareket
edebileceklerdir. / Act with a
sense of social responsibility
and justice and in accordance
with  professional  ethical
principles, quality standards,
and universal values by taking
into account potential legal and
societal consequences of their
scientific research and
professional activities.

P g-9 Bireysel olarak ya da
takimlarda  etkin  bigimde
calisabileceklerdir. / Work
effectively both independently
and as part of a team.

1)
1
1
[9)]
1
1
1
1N
1))

P S ‘-1 0 Fizik alaninda

gilivenilir  bilgi kaynaklarina
ulagarak literatiir  taramasi
yapabilecek  ve  akademik
aragtirma tasarlayip
yiiriitebileceklerdir.

/ Access reliable sources of
information, conduct literature
reviews, and design and carry
out academic research in the

10)]
1
1
[9)]
1
1
1
1
1

field of physics.
PC-11  ileri diizey fizik
konularini, teorileri,

aragtrmalart  ve  problem
¢Oziimlerini, fizik terminolojisi
kullanarak Tiirkge ve
ingilizcede tim paydaslara
s0zlii ve yazili olarak
aktarabileceklerdir.

I~
I
I
I~
I~
I
I
I~
I

/ Effectively communicate
topics, theories, research, and
problem solutions in physics to
all relevant stakeholders using
appropriate physics
terminology, both orally and in
writing, in Turkish and in
English.

P_C_-l 2 Laboratuvar

¢alismalarinda, bilimsel veri
toplayarak teknik ve/veya
bilimsel raporlar
hazirlayabilecek ve mevcut
raporlari
yorumlayabileceklerdir.

[t
[t
[t
[t
[t
[t
[t
[
[t

/ Collect scientific data during
laboratory =~ work,  prepare
technical  and/or  scientific
reports and interpret existing
reports.
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